Objective: Orocutaneous and pharyngocutaneous fistula (OPCF) is a debilitating complication of head and neck surgery for squamous cell carcinoma (SCC), resulting in delayed adjuvant treatment and prolonged hospitalization. As yet, there is no established test that can help in prompt and accurate diagnosis of OPCF. This study aims to determine the accuracy of bedside blue dye testing and its role as part of an algorithm for early diagnosis. We also analyze the risk factors predisposing to OPCF.
INTRODUCTION
Orocutaneous and pharyngocutaneous fistula (OPCF) is one of the most debilitating complications of oncologic head and neck surgery. The incidence ranges from 5-65% 1,2 and may be difficult to treat. Apart from resulting in delayed adjuvant treatment, prolonged hospitalization, and increased treatment costs, it may also lead to further wound complications and ultimately increased morbidity. [3] [4] [5] There exists some data on the risk factors that predispose to OPCF but there is limited consensus on the best ways to prevent or manage it. There are studies suggesting that OPCF results from technical issues, primarily from inadequate wound closure, 6 while others propose wound breakdown occurs secondary to early and aggressive institution of oral feeding. However, the latter hypothesis is not supported by the notion that there is constant flow of saliva passing through the tract. 7 Furthermore, there is a paucity of data on how to diagnose this complication early, apart from relying on the usual clinical signs and symptoms. Intuitively, an early diagnosis can lead to earlier intervention and thereby lessen the impact of this complication on the postoperative recovery of the patient. 6 A few studies have looked at radiographic contrast studies for the diagnosis of OPCF, with contrasting results and recommendations. [8] [9] [10] In this study, the primary aim was to assess a novel method, using bedside blue dye testing in the early diagnosis of OPCF and its influence on the ultimate treatment and healing of the fistula. The secondary objective was to determine risk factors for fistula formation in patients who underwent major resection with or without flap reconstruction for squamous cell carcinoma (SCC) of the oral cavity, oropharynx, larynx or hypopharynx. With this data, we propose an algorithm to facilitate early diagnosis and intervention of OPCF.
MATERIALS AND METHODS
Medical records of all patients who underwent major resection of the oral cavity, oropharynx, larynx, and hypopharynx for SCC, between 2012 and 2014, were reviewed retrospectively. Inclusion criteria for this study were all patients with squamous cell carcinoma of the upper aerodigestive tract who underwent major resection where there was a significant potential communication between the aerodigestive tract and neck cavity and thus risk of development of OPCF. These included patients with oral cavity or oropharyngeal cancers requiring regional or free flap reconstruction or laryngeal or hypopharyngeal cancers with resection and primary closure of the neopharynx. Exclusion criteria included those who had previous surgery in the head and neck region prior to presenting at our institution and those with limited oral cavity or oropharyngeal cancers that did not require major reconstruction. Demographic data was collected, including patient age, gender, race, comorbidities, tumor site and stage, preoperative radiation therapy (RT) status, margin status, and type of reconstruction. We also reviewed the results of bedside blue dye testing and videofluoroscopic swallow studies (VFSS) that these patients underwent. For the patients that were noted to develop OPCF, the length of time to diagnosis of fistula, subsequent mode of management of the fistula and time to resolution were recorded. This study was approved by the Singhealth Centralized Institutional Review Board (CIRB 2015/2441).
All surgeries were performed by Head and Neck surgeons at our institution. The decision for the method of reconstruction was jointly made by the resection and reconstructive surgeons, and generally determined by nature and size of the defect. The reconstructive options included primary closure, pectoralis major pedicled flap, latissimus dorsi pedicled flap, gastric pullup (pedicled), free radial forearm flap, free anterolateral thigh flap, and free fibula flap. All patients were given prophylactic antibiotic therapy for a minimum of 7 days after initial surgery.
The bedside blue test was conducted as follows: 1 ml of blue food dye (Permitted color E133) was diluted in 30 ml of water. This was fed to the patient via spoon/syringe in small boluses of 5-10 ml. The patient would be instructed to hold the bolus in the mouth for 5 seconds initially, then instructed to swallow. The patient would then be monitored for 24 hours, looking for blue dye in the drains or skin suture lines, which would signify a positive test result (Fig. 1 ). This would be performed at any time after postoperative day (POD) 5, at the discretion of the surgeon. An early blue dye test was defined as one performed on POD 12 or less.
A VFSS was also performed in some patients to assess for leak or aspiration. In this study, water soluble contrast was orally administered to the patient in the erect position. Anteroposterior and lateral serial radiographs were taken to image the bolus as it passed into the esophagus. A positive test was taken as one with pooling of contrast in the neck or communication of a contrast filled tract to the skin of the neck.
The diagnosis of OPCF was made on the confirmation of saliva leakage from a definite tract between the digestive tract and skin of the neck. Once the diagnosis was made, either clinically or with the assistance of the above-mentioned tests, these patients were started initially on vacuum assisted closure (VAC) therapy. 11 If the fistula did not close despite a period of conservative treatment or it was felt that it was unlikely for the defect to heal spontaneously, the patient would undergo surgery. The latter could either be primary closure of the fistula or using a second flap.
The incidence of OPCF was determined by looking at the number of patients who developed fistula from the entire cohort of patients analyzed. The potential prognostic factors of age (60 or >60), diabetes mellitus, previous radiotherapy of the head and neck, previous surgery in the head and neck region, surgical margin status, type of flap (regional/pedicled vs. free), and T stage (T1/T2 versus T3/T4) were analyzed with two-tailed Fisher's exact test.
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of early blue dye test and VFSS were calculated from the group of patients that had the respective tests performed. For the outcome of fistula patients, statistical analysis was performed with the two tailed Students t-test for quantitative data and the Fisher's exact test. A p value of <0.05 was taken to be significant. All statistical analyses were performed on SPSS version 23.0.0 (IBM, Armonk, New York).
RESULTS
A total of 93 patients were deemed suitable and included in this study. Clinic-pathologic and treatment details are summarized in Table I . The median age was 61 (27-83), with 69 (74.2%) male patients. Majority presented with SCC of the oral cavity (63.4%), with the remainder being fairly equally divided between oropharyngeal, laryngeal, and hypopharyngeal SCC. Almost two-thirds (61.3%) of patients had locally advanced (T4) tumors. Twenty patients (21.5%) had radiotherapy of the head and neck region at some point before surgery. Seventeen patients (18.3%) underwent primary closure of the surgical defect, 39 patients (41.9%) had local, regional or pedicled flap closure, 36 patients (38.7%) had free flap reconstruction, and one patient (1.1%) had a combined free flap and regional flap reconstruction.
The incidence of OPCF was 26.9% (25/93) in our study. The median time to diagnosis of OPCF was 11 days (range 5-32). Analyzing factors that potentially affect the development of OPCF, only advanced T stage (T3/T4) was a significant risk factor (p 5 0.013) ( Table II) .
The early blue dye test, performed at between 5 to 12 days post-operation, was performed in 83 patients (89.2%) and a fistula was detected in eight patients. The sensitivity of this test was found to be 36.4% and specificity 100%. The PPV was 100% and NPV was 81.3% (Table III) . The remaining patients did not undergo the early blue dye testing for various reasons such as poor medical fitness of the patient, or surgeon-decision to delay testing.
A VFSS was performed in 21 patients (22.6%), with a sensitivity of 42.9%, specificity of 100%, PPV of 100%, and NPV of 83.3% (Table IV) .
Of the 25 patients who developed OPCF, 13 (52%) resolved with conservative management while 12 (48%) underwent some form of surgery to assist in closure of the fistula. For these two management strategies, the median time to resolution of the fistula was 18 (16-168) days and 91 (11-369) days, respectively.
Looking at this same cohort who developed OPCF, eight tested positive on early blue dye testing while 11 patients tested negative. Six patients did not have the early blue dye test performed within 12 days of operation. Comparing the group who was diagnosed early with positive blue dye test versus the group that either tested negative or did not have the test performed, the test positive patients were diagnosed with OPCF at a median of POD 9.5 as compared to POD 13 for the test negative patients, which was statistically significant (p 5 0.001) ( Table V) . Two patients in the test positive group required surgical closure while 10 in the test negative group required surgical closure (p 5 0.202). The median time to resolution of OPCF was 40 (16-329) days and 76.5 (14-369) days for the test positive and test negative groups, respectively. 
DISCUSSION
OPCF is a dreaded complication that results in prolonged hospital stay, debilitation and compromises oncologic outcomes. The incidence varies greatly depending on the cohort, and the incidence of 26.9% reported here falls within the published range. 10, 12 One of the major issues with patients who develop OPCF is the delay in subsequent progress to normalcy and adjuvant therapy if needed. In these patients, oral intake is limited and patients require complex dressings and wound care often in an inpatient setting, resulting in significant deconditioning. 11 Our focus in this study was thus to assess the usefulness of blue dye testing in early diagnosis of OPCF and the potential improved outcomes of faster healing with conservative strategies where possible.
Traditionally, many surgeons have empirically delayed feeding patients till the seventh to tenth postoperative day in an attempt to decrease the OPCF rate, 11, 13 which may even be delayed till the 14th postoperative day in patients with previous irradiation. Apart from clinical parameters, some surgeons employ various radiological studies to assess for the presence of salivary leak or impending fistula. Giordano et al. conducted routine postoperative barium swallows on POD 7 in his series of postlaryngectomy patients and concluded that barium swallows were effective in decreasing hospitalization stay without an increase in fistula rate, as the patients were fed immediately after a negative barium swallow.
14 White et al. tested 79.2% of his cohort of post-laryngectomy patients with a gastrograffin esophagram and found that the test had a sensitivity of 26% and a specificity of 94%. 10 They concluded that it was beneficial to test patients at high risk for fistula formation with imaging before initiating oral intake. Moses et al. tested 38 post-laryngectomy patients with cinepharyngoesophagram and made the similar recommendation that there was benefit in performing this imaging if the patient had clinical signs and symptoms of impending fistula. 9 As with VFSS performed in our institution, these require additional radiation exposure and are subject to interpretation by radiologists. In fact, the study by Cordeiro et al. found that the sensitivity of barium swallow was revised from 45 to 63% on subsequent review of the images by a single experienced radiologist. 8 Analyzing drain amylase levels has varied results, with some reporting a significant difference in levels between patients who develop OPCF and those who do not. 15, 16 However, a study looking at the sensitivity and specificity of drain amylase levels >4000 IU/L on day 1 reported 59% and 64%, respectively, which is still not ideal. 17 As such, our institution employs early blue dye testing as a simple and useful adjunct to clinical assessment in detecting the presence of OPCF. This test can be done as a bedside procedure with little to no additional cost and can also be repeated multiple times to improve its accuracy. As leak from the neck suture lines and drains are easily identifiable by any observer, there is no chance of a false positive result (as seen in our data). In all cases, there was no debate among the surgeons and observers as to whether the test was positive or negative. A positive test result is also quickly apparent within 24 hours, with blue dye seen staining the neck or drain output (Fig. 1) . The ease of application of blue dye testing explains its established use in testing for leaks either intra-or postoperatively in many types of surgeries where there is potential for leakage at an anastomotic site. Kapila et al. recommend methylene blue testing in patients post esophagectomy as it is inexpensive and widely available. 18 As the dye used is widely used as food coloring, there have been no documented major side effects or contraindications. To our knowledge, this study is the first to look at the use of blue dye to assess for OPCF in head and neck SCC patients post resection and reconstruction. Its use is also widely applicable to most types of head and neck resection and reconstruction where the potential OPCF site is below the salivary line. As such, we have not limited its usage to laryngeal or hypopharyngeal reconstructions as the other studies have. Although there is yet no gold standard test for salivary fistula to compare against, our reported sensitivity and specificity of 36.4 and 100%, respectively does not fall short of the current radiological studies, although caution should be used for negative tests especially if there is a strong index of suspicion for an impending OPCF. In such cases, the blue dye test can be easily repeated on subsequent days. Importantly, patients with a positive blue test are diagnosed at a median of POD 9.5 as opposed to POD 13 for test negative patient, allowing for treatment to be instituted earlier. As Friedman et al. have found, an earlier diagnosis tends to result in earlier healing and discharge from hospital. 6 Healing time is an important outcome measure that has a great impact on other measures such as costs incurred and patient satisfaction. Although the time required for healing involves a multitude of factors, we believe that the earlier diagnosis has a crucial role to play in our finding that patients who test positive in the early blue dye test show resolution of their fistula at a median time of 40 days as compared to those fistula patients who are not diagnosed with the early blue dye test, with a median healing time of 76.5 days. Although this result did not reach statistical significance, it may be attributed to the small numbers in the group. It is difficult to estimate the sample size required prove significance in the comparison of time to fistula closure, given that each case of OPCF tends to be unique in terms of size, location, healing rate, management options and superimposed complications such as infection or carotid blowout, resulting in a wide variation of fistula closure times.
In our study, advanced T-classification appears to be the only significant risk factor for the development of OPCF. This is probably a surrogate for the size and complexity of the defect post-resection, consequently reflecting the extent of reconstruction. In particular, we did not identify preoperative radiotherapy as a risk factor for OPCF, as has been reported in a number of studies. [19] [20] [21] The lack of factors found to be of significance is likely due to the small sample size. Sample size estimation indicates that our study is underpowered and our numbers are too small to detect a statistically significant difference. 22 However, with regards to preoperative radiotherapy being a factor in the development of OPCF, it is important to note that the above mentioned studies did not take into account the radiation dose, type, and interval between RT and surgery. Also, some studies have reported a decrease in OPCF rates in irradiated patients in the recent years due to improvement in dose delivery techniques and better tissue sparing of the surrounding uninvolved tissues. 23 Indeed, the patients in this study who were irradiated prior to treatment all received intensity modulated radiation therapy (IMRT), which has superior normal tissue sparing compared to more traditional two-dimensional techniques, and hence may mitigate the effects of radiation on wound healing and hence, development of OPCF.
In accordance with our results, we have developed an algorithm that we believe will help in early diagnosis of OPCF patients (Fig. 2) and ultimately a better outcome for all head and neck SCC patients undergoing resection and reconstruction. In view of the low sensitivity of the blue dye test, it would have been ideal to perform a more sensitive test as an initial screening tool before the blue dye test. However, due to the retrospective nature of this study and the lack of a gold standard test to compare against, we were unable to include another form of testing into our proposed algorithm. It is imperative that the algorithm takes into account the surgeon's index of suspicion of fistula. This should be based on the clinical signs and symptoms of the patient (including postoperative fever, 6 wound swelling, erythema, and tenderness), the potential risk factors for OPCF 12, 19, 20 and the difficulty of flap inset and wound closure. For example, fever and tachycardia in a patient with increasing neck swelling and tenderness, on a background of technically difficult surgery and flap inset would constitute a patient with a high suspicion of leak and would warrant, based on our algorithm, repeated blue dye tests even if the first is negative. On the other hand, an afebrile patient with straightforward surgery, no underlying potential risk factors, and no neck signs would be one of low suspicion for leak and a single negative blue dye test would suffice. As previously mentioned, making an early diagnosis of salivary fistula is rarely easy or straightforward and there is no gold standard test that is highly sensitive or specific. As such, we remain reliant on a combination of clinical acumen and imperfect tests to make the diagnosis as early as possible.
We also recommend repeating the blue dye test in more difficult or suspicious cases as we have found that in the patients who initially tested negative for the early blue dye test, eight patients subsequently went on to test positive when the test was repeated at a range of POD 8-30. Although VFSS seems to be a slightly more sensitive tool, the repeatability and ease of blue dye testing encourages its use.
We acknowledge that our series is a relatively small and heterogeneous group based on the type of resection and reconstruction. However, the authors feel that this reflects the widespread applications of blue dye testing for salivary leak. In fact, we have found it so useful, safe, and easy to carry out that it is nearly considered a component of bedside clinical examination in our institution. Another study limitation is its retrospective quality and thus no fixed protocol for administering the blue dye test. However, this does not affect its usability and generalizability as a test. In reality, factors such as a patient's medical condition would also affect a clinician's decision to time different tests. With this initial data, it would be useful to design a prospective trial based a proposed algorithm, with the inclusion of a potentially more sensitive test such as drain amylase levels as part of initial screening prior to the blue dye test. From there, we can perform further analysis into secondary outcomes such as length of hospital stay and expenses.
CONCLUSION
Fistula formation post head and neck resection and reconstruction is a dreaded complication. Despite the fact that it is one of the more common complications, there is still not yet a gold standard test or reliable method of early diagnosis. Early blue dye testing appears to be value in the diagnosis of oro/ pharyngocutaneous fistula, with the additional advantage of being low in cost and easily administered. With earlier diagnosis, there can be earlier intervention with all its attendant improved outcomes.
